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    The term "gentle slopes" is applied to various geomorphological surfaces , for 
example plateaus, hills, and lowland surfaces on the one hand , and gently 
inclined smaller surfaces surrounding them on the other . As to the gradient, there 
has not been defined a strict boundary between a steep slope and a gentle one. 
Neither the definition of a gentle slope can be made strictly based on the areal 
extent and the gradient, because their values change continuously, the definition 
being inevitably ambiguous. 
    Roughly speaking, before the end of World War II , gentle slope problem in 
Japan was discussed in connection with the peneplains and the Piedmonttreppe, 
and geomorphological elements constituting such surfaces were studied from the 
 view-points of the Davisian school. Most of the geomorphological studies in the 
post-war years in Japan have been done chronologically, sometimes by means of 
tephrochronology. Many fruitful results are obtained , especially on the river 
and the marine terrace correlation and these data enabled to make tentatitive 
chronology of terraces on the world-wide standard. In such cases, gentle slopes 
have been almost neglected in chronological tables , seemingly from the following 
four reasons. Firstly, it was in urgent need to establish the chronology of the 
geomorphological surfaces or the sediments from the view-points of glacial 
eustasy. Secondarily, certain gentle slopes are devoid of such clear sediments as 
river or marine terraces, and even in tephra areas they were scarcely covered with 
the primary ash-shower deposits, because ash moved off the slopes or only the 
disturbed ash layers were laid. Thirdly, the gentle slopes were seldom accepted as 
an indicator for the base level of erosion during the period of the formation; besides 
the absence of such an indicator as tephra for the correlation and the identification 
of the surface formation. Then most authors have blanked out the gentle slope 
distribution on their geomorphological maps. Fourthly , during the Pleistocene 
period Japan was not a glaciated area except the high tops of the Hidaka Mountains 
and the Japan Alps (M. Minato and S. Hashimoto 1954, L. Kobayashi 1956). The 
author thinks that it was difficult to Japanese gomorphologists to find clues to know 
the influences of the Quaternary climatic flucutation on the  low-lying  landform of
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 Japan, and the circumstance brought the differences between the geomorphology of 
 Japan and those of Europe and North America which were under the cryergic 
 conditions in the periglacial areas during the Pleistocene. In Europe, gentle slope 
 formation and resultant asymmetrical valley formation have been interpreted 
 from the process of  solifluction (W. Thauer 1955,  C.D. Oilier and  A.  j. Thomasson 
 1957, L.  Starkel 1960, W.  Schlegel 1961, J. Dziewanski and L. Starkel 1962). Also, 
in America L.C. Peltier (1950) noticed the significance of cryergic conditions on 
gentle slope formation and  P.  J. Williams  (1957.  1959) did field studies. Historical 
studies in such a field of geomorphology were greatly supported by radiocarbon 
dating, for example in America  C.J.Heusser 1960, in New Zealand C.A. Cotton 
and  M.T. Te Punga 1955, C.A. Cotton 1958. From the result of such studies, the 
necessity was pointed out to reexamine the former conclusions on the stage and 
process of gentle slope formation  (S.  W. Wooldridge  1961). Along with the gentle 
slopes of  solifluction origin, climatogenic gentle slope formation has been discussed 
based on the examples of fans (H.v. Wissmann 1951, J.B. Waterhouse 1956,  M.A. 
Melton 1965) and on certain upland gentle slopes (H. Louis 1959). As the relating 
features with such climatogenic slope evolution, for example, H. Wilhelmy (1958), 
L. Berry and B.P.  Ruxton (1959), and A.F. Trendall (1962) discussed the deep 
weathering and pedological processes. 
   Like J.  Biidel (1963) who included the ground phenomena in his tentative 
climatogenic zoning of landform, it is necessary to see the mutual relationship 
between gentle slope and the related features. 
    From such examples in foreign countries, the author intends to discuss 
chronologically on gentle slope problem in Northeast Japan. As mentioned above, 
the term "gentle slope" is ambiguous, the author follows the slope classification by 
N.H. Taylor and  I.  J. Pholen (1962). In the first place, they class the slopes into two, 
compound slopes and single ones. Compound slopes are subidivided into eight 
 classes; the gentle slopes of compound sense in this paper range Flat to gently 
undulating slopes to Easy rolling ones (most slopes under  5°) according to them. 
When compared with the Vilenskii's classification of types of topography based on 
the combination of forms (D.G. Vilenskik 1957), the gentle slopes may be in the 
undulant wavy type rather than in the rolling wavy one. Single slopes are 
subdivided into  eight  ; the gentle slopes in this paper range from Very gently 
sloping (approxi. range 1°-3°) to gently sloping  (3°-6°). 
§ Post-war studies on climatic changes and on gentle slope formation in 
  Japan 
   M. Minato, S. Hashimoto, and S. Kumano have published papers on the
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glacial morphology of the Hidaka Mountains in Hokkaido since 1954 and reached 
to a conclusion that there are the traces of Tottabetsu  (Wurm) and Poroshiri 
(Riss) glacial ages, the former being subdivided into two substages (M. Minato and 
S. Hashimoto,  1954  ; S. Hashimoto and H. Minato,  1955; S. Hashimoto and S. 
Kumano, 1955). M. Minato (1955) also reported on mammoth fossils imbedded in 
coastal terrace deposits and discussed the relation to glacial age. H. Kono (1955) 
discussed on the relict butterflies of Mt. Daisetsu, and on the mountain the 
patterned gronds were researched by the present author (1957), S. Sako et  al. 
(1958) and M. Konoya (1961). S. Koaze (1961) referred to Northeast Japan when 
he reviewed the cryergic features of the mountains in Japan. In connection with 
these, playnological studies have been carried on by some workers. The fossil 
cryotubation phenomena in the lowland of Hokkaido are studied by H. Suzuki (1960. 
1962) and T. Fujiki (1963). S. Matsumoto  (1963.  1964) has studied the blockfield 
in the Kitakami Mountains of northestern Honshu. H. Toya  (1962a  •  b) and S. 
Kaizuka (1962) estimated the mean annual temperature of the Kanto district in 
 Wurm glacial age about 8°C lower than that of the present. Y. Okazaki and Y. 
Sato (1965) concluded that around 11,000yrs. B.P. the temperature in the northern-
most Tohoku was 5° to 9°C lower compared with that of the present. 
    From the view-point of glacial eustasy, for example, H. Nakagawa and his 
 collborators discussed the terrace distribution in Tohoku  (1960  1961), and many 
geologists referred to marine and river terraces. K. Nishimura (1965) outlined 
the trend of climato-genetic geomorphology in Japan. Recently, K. Kobayashi 
(1965) discussed the chronology of the late Quaternary of Japan based on 
tephrochoronological, pollen analytical, archaeological data chiefly from South 
Kanto and  Shinshu  ; he complied a chronological table and a quantitative climatic 
curve of the last 30,000 years. 
   Lateritic red weathering crusts have been studied by M.  Omasa et al. (1955), K. 
Matsui and Y. Kato (1962), Junenchi Group, (1962) and Y. Kitagawa et al. (1963). 
They have proposed hypothesis that such red weathering crusts could be formed 
in the past warmer, more humid periods, mostly during the last interglacial. K. 
Nishimura cited above concluded that the climax climate of the last interglacial 
age in Japan was semiarid under which condition pediments were formed, while the 
transitional climate at the beginning and at the end of the last interglacial age was 
wetter than the climax climate, and thus, red weathering crusts were formed. 
Most of workers in Japan have set the Shimosueyoshi formation and its correlatives 
into the last interglacial age (Tab. 1), the palaeotemperature estimated from the 
palaeontological materials of such formations is, when compared with that of the 
present, cold—cool—cold (K. Suzuki 1962) or cool—slightly warmer—humid and  cold—
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                 Tab. I. Chronological Table in the Kanto District. 
           This table has been  used as the standard for the whole of Japan 
                             by many research workers. 
                              Holocene 
                                  Tachikawa stage 
 Wiirm  Gl, 
                                     Musashino stage 
                     R/W  I Shimosueyoshi stage 
rather cool—cool (K. Kuroda 1962 cited by Y. Naruse 1965). Y. Kato (1964) made 
the pedological research on black soils developed on volcanogeous and non-volcano-
genous materials, the soils on the latter parent materials being once called Ando 
soil. He found that comparing the characteristics of the solums on both parent 
materials, mineral component differs each other but the degree of humus accumula-
tion is not so different and that development of black  soils is limited to certain 
terraces. From pedological view-point he proposed to call the soil Kuroboku soil. 
Based on such data as well as archaeological ones, he made a hypothesis that 
Kuroboku soil in Japan was formed under the conditions of grass vegetation and 
monosoonal climate probably after the end of the last glacial age, or from the end of 
the Non-ceramic age to the beginning of Jomon  age)) 
   Climatogenic discussions on gentle slopes are seen in the following works. 
K. Kobayashi reported a series of  FuBflache developed on the highland around 
the Matsumoto basin and discussed the "plateau gravels" covering them (K. 
Kobayashi 1953  a• b, K. Kobayashi and  T. Hirabayashi 1955, K. Kobayashi and 
K. Hoshiai 1955), and concluded that the plateau gravels were transported by 
torrential streams during the transitional phase from the second interglacial to the 
third glacial age, and flat surfaces were favourable for such deposition. As to the 
origin of flat surfaces he did not focus his discussion. S. Iwatsuka (1961) regarded 
the gentle slopes developed in the mountainlands of Northwest Kyushu as such 
formed by cryergic process during the upper Pleistocene. Y. Akagi uses the term 
pediments as the erosional gentle slope with knickpoint at the foot of the steep 
slope behind, truncating the rocks of mountain, and reported the examples in 
Chugoku Mountains (1961), Aki Mountains (1962), Sanriku Coast (1964), and in 
Kanto district (1965). The pediment deposits are 2-3m to  15-16m thick, 
constituted from decayed angular or subangular gravels, rarely boulders, in matrix 
of gravel or coarse sand and silt. The sorting and bedding are bad. The 
deposits are red-coloured. He focused his attention on the morphology of the 
pediments, rock control on the development, and he assumed that the warmer and 
less wet climate in the past favoured the formation. His conclusion was based on 
the discussions on the pediments  in foreign countries (1961). The age of their
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formation in Aki Mountains is concluded as being prior to the  Wiirm glacial age 
 (1962)  ; those of the Sanriku Coast and certain pediments and pediment-like 
erosion surface in the Kanto district are the Shimosueyoshi stage (1964.1965). 
   Chronological discussions on alluvial fans are seen in the following works. K. 
Kobayashi once presumed that the time of fill top terrace and fan formation was 
during the  Wurm glacial age, however, after the accumlation of data (1962) 
he concluded that "accumulation terracing in the basins and valleys around the 
Japan Alps have never been influenced seriously by the climatic deteriolation, 
accordingly that even during the glacial maximal phase, the territory with which 
the author is concerned could by no means be assigned to periglacial or prological 
morphogenetic region," although he has found the evidences seemingly of occurrence 
of cryergic mass-wasting on certain slopes. Without an attempt of discussion, Y. 
Akagi (1965) mentioned that there were two stages of alluvial fan formation, the 
former being the Musashino stage and the latter the Tachikawa stage (Tab. 1). S. 
Juen (1965) presumed that the chief cause of the fan formation of the Tachikawa 
stage might be an earth movement, even though he did not necessarily deny that 
the steep stream gradient during the stage was also a cause. Before such discussion, 
S. Kaizuka (1962) postulated that if there was no change in the amount of debris to 
be transported, the stream gradient during the interglaical and the postglacial ages 
was gentle because heavy rain should be common in such ages, while during the 
glacial age including the Tachikawa stage heavy rains were so seldom that the 
stream gradient became steep. 
   Climatogenic modification of terrace scarps to be gentle has not been discussed. 
   Just after the author's publication on valley filling (1964c), H. Satoh et al. (1964) 
reported that the terrace-like topography near Lake Mashu was formed through 
infilling of valleys on pyroclastic plateau with secondary pyroclastic materials. 
   Besides them, foundamental studies on slope-forming processes have been 
made by several scholars. M. Ichikawa (1951 and others) discussed the soil texture, 
the surface gradient etc. as factors of soil erosion. K. Takeshita and his collabo-
rator (1960.1963 and others) are studying the micro-topography and soil on 
slopes to clarify the evolution of slopes. S. Tanaka (1962) researched ravine 
development as a factor of slope formation in view of its relation with the rock 
structure. 
§ Cryopediment formation 
   The author designated the terraces along the Shokotsu, the Yubetsu, and the 
Tokoro rivers, from younger to older, as Level I, Level II etc. Each gentle slope 
developed behind  terraces is  included in the same Level as the corresponding terrace.
60 T. WAKO
The relation between each longitudinal terrace (Level) profile is shown schematically 
 (T. Wako  1963a). 
   The underlying materials of gentle slopes are various according to the bedrock 
and the rocks behind the slopes. Roughly speaking those are classified into two 
 groups; those are debris consisted of breccia and clay matrix, and finer materials 
mixed with rock fragments. 
   According to many of the geological reports, such slope deposits have been 
explained as talus or alluvial fan deposits, but the gentleness of the surface slope 
rejects the possibility of its talus origin, for a talus is formed mainly by the agency 
of the gravity, and the surface in general is steeper; the distribution rejects the 
possibility of its origin as an alluvial fan, for it is formed in front of valley mouth,
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while the gentle slopes described here are developed in front of valley mouths 
as well as in front of spurs. 
    After series of such considerations, the author thinks that the stages of for-
mation, the characteristics of slope materials, and the distribution of slopes are 
important clues for the analysis of the mechanism and the ages in which the 
slopes were formed. 
    At first the author discusses on the problems of the gentle slopes of Level 
V, because the data concerning the slopes are abundant. 
    Gentle slopes of Level V were formed when the sea-level  was low, and were 
developed well on the north-facing valley walls. The former indicates the 
possibility of formation in the glacial age, and the latter suggests the influence of 
the  insolation. Then it is expected that there was a possibility of slope-forming 
process under cold climate, or solifluction. Followings are the criteria of  solifluction  : 
i) The deposits are less than  I m thick in general, rarely reaches to 2 m. ii) The 
deposits are generally non-sorted, unstratified, and angular particles are dominant 
in them. iii) The deposits are mixed with rock fragments (or mineral grains) different 
from the bedrock in lithology. iv) Alternation of similar layers. v) The surface is 
gentle,  solifiuidal debris being movable even on slopes around  2° (J.  Biidel, 1959). 
Besides them it must be checked whether the deposition is still going on. 
   Judged from criteria it is beyond dispute that slope deposits are of solifluction 
origin, and the base-levels for the process were the stream levels indicated by the 
terraces in front of them in three valleys. 
   The seasonal changes of the conditions concerned with the development of 
gentle slopes are represented in the interfingering of the fluvial and  solifluidal 
deposits, and in the facies of the latter themselves. 
   The slightly laminated finer materials with a few breccia may be deposited 
under the effect of the water in the form of periodical sheet washes, as suggested 
by K. Bryan (1946) and evidenced by A. Jahn and his cooperators (1960.1961) by 
means of field experiments. For the process of sheet wash, followings may be 
pointed out as influential factors. Such are the hardness, or the resistibility of 
the bedrock against weathering and the components of the weathering product. 
Perhaps, the conditions may be the most favorable in areas of tuffaceous sandstone. 
   It is similarly evidenced that gentle slopes of Level VII are of  solifluction origin 
from the longitudinal profile and the surface conditions. However, at the stage of 
Level III such a gentle slope was not formed, although the longitudinal profile of 
the Level resembles those of Levels V and VII. Probably for the development of 
such a gentle slope, certain length of time was necessary for the process of 
solifluction without a change of the base-level of erosion; in the case of Level
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III, terraces are distributed extensively in all of three valleys, so the author thinks 
that there was enough time for the development of the terraces, but the climate 
prevailed during the stage was not favourable for the  solifluction, at least in areas 
of low altitude. 
   The significance of solifluction have been studied also in other countries, but 
we cannot find an adequate genetical and morphological term for such slopes, 
although as to the process K. Bryan (1946) proposed "cryoplanation". Some 
authors have designated those slopes as "pediment", however, the term must be 
restricted to the gently sloping bare rock surfaces formed under arid climate 
after B.A. Tator (1952-1953). The present author thinks that there is the necessity 
of a term from geomorphological view-points and proposes to call them  "cryo-
pediment". The word expresses well the structure and the form as well as the 
conditions under which such a structure and form were made. A red weathering 
crust was found on a rather steep slope behing the coastal terrace of the Tokoro 
 (T. Wako 1962) which belongs to Level VI (T. Wako 1964 c). 
   Gentle slopes in Tohoku resembling those of northeastern Hokkaido in form 
and in structural features are described by the author from the Sarugaishi valley 
 (1963c), the Sendai district (1965), and the Koriyama basin (1963b); these are 
identified by him as cryopediments in their nature. In the Sarugaishi, the 
formation is correlative in age with the sedimentation of the upper horizon of 
the fill top Murasakino terrace deposits in the main, Kitakami valley. The 
Murasakino terrace deposits have been correlated with the Shimosueyoshi formation 
in the Kanto district by most geologists. In the Sendai district, cryopediment 
Jutokuji Surface was formed about 31,000yrs. B.P. (S. Takeuchi 1962, formal 
information>30,000yrs.  B.P.=  Gak-118)2), perhaps the forming process being ac-
celarated by the upheaval of land. Cryopediment Shobune Surface in the  Kori-
yama basin was formed 25,400±600 yrs.  B.P. (Gak-244) when the uppermost 
horizon of the Koriyama formation was deposited. The Koriyama formation has 
been correlated with the Shimosueyoshi formation. 
     These cryopediment formations are posterior to red weathering occurrence 
in Tohoku. Shallow valleys underlain with rubble and clay layers in Sendai-bay 
area, for example that of Aji island (T. Wako 1964b) may be identical with cryo-
pediments in the age of formation. 
   Y. Akagi (1964) reported the pediment near Takada to the north of Sendai, and 
he concluded that the pediment was formed during the Shimosueyoshi stage based 
on his tentative correlation between the coastal terraces of Takada and Sendai. He 
tried also to compare the morphological differences between his pediment and 
the cryopediment of the present author, however, the present author thinks that  as
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Akagi's correlation of terraces is not so certain as to define the stage of pediment 
formation, it is of little value to compare these seemingly similar gentle slopes. 
As mentioned below the author prospects that the adoption of a certain terrace as 
to be correlative with the Shimosueyoshi stage is a trap. 
   Now, the author describes the cryopediments in southern Hokkadio and in 
northern Tohoku to summarize the cryopediment formation in Northeast Japan. 
   The author (1961a) reported on the Quaternary geology and geomorphology 
of the Kamikawa basin, Hokkaido. In the basin, cryopediment P Surface is 
developed well on welded tuff and is seemingly correlative with that of Level V in 
northeastern Hokkaido. That is traceable along the Ishikari river draining the 
basin. Cryopediment submerges under the  alluival lowland surface of Ishikari 
lowland at its northeast part. 
   The Ishikari Lowland Research Group (I. Fujita , M. Yano and others) has been 
studying the Quaternary geology and the geomorphology of the Ishikari lowland. 
Based on the pollen analysis, the Research Group (1962) estimated the palaeoclimate 
at the time of the fossil forest within the Shikotsu pumice-fall deposits was 
equivalent to the present climate of North Hokkaido or South Sakhalin. After 
the report on a molar of Palaeoloxodn namadicus naumani (1963), the research 
group published a chronological table of the lowland development  (1965). The 
table added with related matters by the present author from other publications by 
the group is represented here (Tab. 2). The group says the followings. "The fossil 
cryergic phenomena reported by H. Suzuki (1962) are situated within the 
Motonopporo clay bed which is contemporaneous with the Hiroshima gravel bed.
Tab. 2 Chronological Table in the Ishikari Lowland. 
               (Ishikari Lowland Research Group, 1965)
 Geol. age Stratigraphy
Holocene  Alluvial deposits




Hiroshima gravel bed 
  & Motonopporo clay bed










32, 200 ±::gg / charredwood              inall deposits)
 fluvial deposits with Palaeoloxodon 
 namadicus naumani
transgression
subaerial erosion & depo., regression
shallow sea
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Both beds are the secondary sediments of the Shikotsu pumice flow, partly welded, 
deposits, and both beds sumberge under the alluival lowland. The Nishinosato bed 
is marine prior to the time of the Kakuda bed deposition. The Takeyama gravel 
bed consists of sand and gravel in a matrix of brown loam, having cross-bedding, at 
some places, the bed contains angular to round gravels of man-head size. The 
thickness is about 5 m. This bed seems to be deposited a little after the completion 
of sedimentation of the uppermost part of the bed and emergence from sea". The 
group examined also the fossils of mollusca and diatom, and concluded the con-
ditions under which the beds were deposited. The fossil forest covered with the 
Shikotsu pumice fall was once roughly dated as about 20,000 yrs.  B.P. by radio-
carbon measurement, however, a recent radiocarbon dating gave the time of the 
forest as  32,200!  3'1 yrs. B.P. (GaK-519). 
   The author thinks as follows. Seeing the sketches of exposures of the 
Takeyama gravel bed, a part of the bed is clearly fluival deposit, but another part 
seemingly resembes in lithofacies with the cryopediment deposits in northeastern 
Hokkaido. The author presumes the prevalence of cryergic conditions in the 
stage. The group assumed that the time of the bed is the Riss glacial age (the 
 Mindel glacial age is an alternative—pers. comm.). Apart from the correlation 
with the world-wide four glacial ages, it is probable that there were at least twice of 
cryergic conditions in the lowland. The older one is before the transgressions 
prior to about 32,000 yrs. B.P. and the younger one after 32,000 yrs. B.P. 
   The Mabechi river is one of the larger rivers in Tohoku. Since J. Iwai reported 
on the Quaternary geology in the coastal area of Aomori prefecture in 1951, many 
geologists paid attention to the area. Among them the Aomori Loam Research 
Group has been making the field study on the Quaternary geology and geomorphology 
of the  area by means of tephrochronology (Aomori Loam Research Group 1959  a 
b, 1960, 1962). H. Nakagawa, a member of the Research Group, described the 
marine terraces to the north of the lower course of the Mabechi (H. Nakagawa 1961). 
The author visited the valley in 1962 and found some climatogentic landforms and 
related phenomena. 
   The valley form is greatly modified by  tephra layers originated in the Towada 
caldera. According to the Aomori Loam Research Group (1962) the tephras are 
divided into two, namely the fall and the flow deposits. The former is thicker 
on higher terraces, the latter, flow-type deposits, covers some terraces and some-
times mounts on the valley walls. S. Oike (1965), a member of the Aomori Loam 
Research Group, gave 12,700±270 yrs. B.P. as the absolute age of the pumice 
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              Except on Tengutai and Taka-
            date terraces, the classification and 
           identification of terraces by the
           author (Figs.  2  .  3  .  4) differ from those
          of H. Nakagawa (1961) and of
           the Aomori Loam Research Group 
          (1962). They failed to find  cryo-
INOHE pediment and Morikoshi terrace of 
            the author. From such a classifi-
           cation of terraces the followings are 
           concluded. During the time of
            Hoshioka terrace formation there 
            were conditions in favour of gentle
            slope development by means of
           erosion. Modification of the original
           landform by the thick tephra ac-
           cumulation (Fig. 5) and scantiness of
rrace 
           exposures kept the author from the 
 akadate 
 Terr  identification of the genuine terraces
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Hoshioka terrace, and the gentle 
slope as done in  Hokkaido  ; Hoshio-
ka terrace and the  gentle slope be-
hind it being illustrated in Fig. 2 
without separation. Typical ex-
posure showing the materials under-
lying the gentle slope is seen at Loc.
Fig. 2 Distribution of Terraces along the 
   Lower Course of the Mabechi River. 
 1-14: Locality numbers of sections. 
 B-1 (Boring site No. 1)  
: From the lowland surface loose 
     sand and gravel layers about 85 m 
 in total thickness are and under 
     them bedrock surface of sandstone 
      lies. 
   B-2 (Boring site No. 2)  
: The bedrock surface lies under 
     about 95 m below the lowland 
      surface.
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 Fig. 4 Compiled Corss-section of Terraces of the Lower Course of the Mabechi River. 
13, from which some characteristics are known (Fig. 6).  Facies of deposits shows 
that all the gravel particles in the section are derived secondarily from the older 
terrace deposits. In the deposits some  red-coloured layers are intercalated and 
a part of matrix as a whole is also  red-coloured. The colour differs from that 
of weathered volcanic ash  (so-called  "Loam" in  Japan). Then, it is clear that 
the formation of the slope is after the red weathering of the parent materials of 
slope deposits as well as the formation is before the Nejo terrace formation. The 
author considers that the gentle slope is a cryopediment resembling in nature 
that of tuff area of the  Yubetsu valley and that of the Sarugaishi valley. The 
fabrics of both Takadate terrace deposits (Locs.  3.4.5) and Nejo terrace deposits 
(Loc. 8) are indicative of transgression. The tephra layers conformably covering 
Takadate terrace gravel are deep brown, sticky, while those on Hoshioka and Nejo 
terraces are relatively fresh and grey in colour. Deep brown, sticky weathered 
tephra layer may be corralative of red weathering crust.
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Fig. 5 Geological Columns showing the Structure of Terraces.
   Another time of slope formation is seen at Loc. 1 in Fig. 2. The section 
(Fig. 7) shows that a regression took place and slope was formed after the for-
mation of Morikoshi terrace which is of marine origin near the coast including Loc. 1, 
judged from the underlying materials. Some tephra layers were lain on the slope 
and the layers submerge belew the surface of coastal lowland. The  morphogenesis 
of the slope formation can not be known from the section, but it is possible to 
estimate that the slope formation and ash showering of horizon A in Fig. 7 
occurred  during a stage of regression. The upper clay bed resembles those of the 
Sendai bay area (e.g. Shiogama, T. Wako 1964b) in its facies and the geomor-
phological position. 
   Near Loc. 13 weathered bedrock has ice-wedge-shaped clays under tephra 
layers and  also  . at Loc. 14 fossil ice wedges are observed (Fig.  8). From the 
succession of tephra layers, the formation of ice wedges was approximately at the
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Fig. 6 Geological Column showing the Slope Deposits underlying the Ash-
   shower Deposits at Loc. 13. 
Explanation 
    (1) Pumice, volcanic sand and ash layers, and black soil. 
    (2) Brown, sandy loam. 
    (3) The upper half is brown sandy silt with gravels 5cm to 
        40cm in diameter. Lenticular red clay layers are intercalated. 
        The lower half is reddish brown in colour and gravels are 
        commonly smaller than 1 cm in diameter. 
    (4) Light brown sandy loam with khaki coloured  clay layers. 
    (5) Brown, sandy loam dotted with gravels smaller than 1 cm 
        in diameter as well as red and black patches. 
    (6) Cross-laminated pumiceous sand. 
    (7) Bluish grey, massive clayey silt. 
    (8) Dirty brown, decayed gravels 0.5 cm to 4 cm in diameter in 
        a matrix of  clayey sand. 
    (9) Grey clay. 
   (10) Gravels diameter 0.5 cm to  6  cm in a matrix of coarse sand. 
        Sand lenses are intercalated. 
   (11) Dark grey, decomposed pumice layer dotted with gravels 
        0.5 cm to 2 cm. 




 • *.g'0.7•a. ,  • • 2--. D. . 
 0. 
Eig. 7 Exposure at Loc. 1 on Fig. 2. 
      Details of horizons A,B, and C are shown in Fig . 5.
same time as the slope formation of Loc. 1. The age of the deposits which fossil 
ice wedges are seen is  12,700±260yrs.  B.P. (GaK-205) . 
   The delle filled with breccia located about 15km south of Loc. 14 has a gentle 
slope in front of it. The delle and the  slope are covered unconformably with pumice 
flow deposits of  12,700±260 yrs. B.P. Then, it is hypothetically said that the 
cyropediment of Hoshioka time and the delle, the gentle slope just referred are 
correlative concerning the time of formation. 
   Higher gentle slopes are seen in this valley, but the author can not refer to their 
ages because of the deficiency of data. 
   Near the coast younger deposits are about 90m thick (Fig. 2), the value 
being almost same as that of northeastern Hokkaido.
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 Fig. 8 Fossil Ice Wedges at Loc. 14. 
   Explanation 
     (1) and (2) Pumice layers and black soils. 
     (3) Brown, weathered volcanic ash having black soil on the top and light black soil in 
         the middle. 
     (4) Cross-bedded coarse sand and gravel layers. Gravels are chert and andesite in 
        lithology in the upper part and pumice at the lower. At the left end a compact
         block of fine pumice grains is seen. Based on the observation of some exposures 
         near this section, this horizon corresponds to the pumice flow deposits from which 
         charred wood dated as 12,700±260 yrs.  B.P. is taken. 
§ Fan formation 
   Fan-shaped terrace surfaces are seen at the upperstreams of the rivers in 
northeastern Hokkaido (T. Wako  1961c  • 1963a). The surfaces belong to Level IV , 
and the dates of the underlying materials are 14,800±350 yrs. B.P. (GaK-210) 
(peaty clay 3.38 m below the surface) and 15,800±380 yrs. B.P. (GaK-212) (wood 
3.77 m below the surface: reexamination of wood from the same layer as GaK-160= 
15,800±400 yrs. B.P.). 
   The  af  plain in the Kitakami valley, so-called the Ktiakami basin, (T. Wako 
1956) is a fan underlain with gravel bed  10m in maximum thickness. This geomor-
phological surface cuts slightly down Murasakino terrace. As mentioned above, 
the upper horizon of the terrace deposits is correlative in age with cryopediment 
formation in the tributary Sarugaishi valley. The river terrace in the Sarugaishi 
valley correlative to  af plain is the lowest level that is underlain with Kuroboku 
soil. 
   In the Koriyama basin two-storied fan, Otsuki Surface, was developed after 
cryopediment formation which proceeded around 25,000 yrs. B.P. (see the descrip-
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tion on cryopediment). The Lower Otsuki Surface are underlain with Kuroboku 
soil, although in this case it is not certain whether the characteristics of the soil are 
same as the true Kuroboku soil by Y. Kato (Discussion at the basin held by the 
Group of Japanese Pedologists in 1965). In these two basins the succession of 
geomorphological surface formation and related phenomena are correlative; i.e. 
fill-top terrace formation and red weathering occurrence in the way to the comple-
tion of the terrace formation, cryopediment and block field formation in the final 
stage of the terrace formation, and fan formation, succeeded. 
   To the west of the Koriyama basin there is the Inawashiro basin. 
   A series of fans are developed along the Kawagatea fualt scarp which bounds 
the eastern margin of the Inawashiro basin. From the north to the south these 
are Utsuno fan, Kawageta fan, Shakozawa fan, Sekito fan and others. Detailed 
morphological and chronological studies on them have not been made yet. The 
author intends to discuss chronologically on Utsuno fan situated to the north of 
Utsuno village and Kawageta fan to the north of Koya village. 
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Fig. 10. Section 
   Complex la ers f prehsitoric ceramics covering the deposits of 
 Ka,nnonji Surface 
X:  fragments 
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   Explanation 
      Loc. 6 
      (1) Black  soil. 
      (2) Light black, friable soil. 
       (3) Grey, coarse  sand with gravels 2 cm to 5 cm common in diameter and 10cm 
              rare. 
      (4) Light red, sandy loam. 
       (5) Medium sand. 
       (6) Light red, medium sand. 
       (7) Brownish grey, coarse sand. 
       (8) Subangular gravels 20cm common in diameter and 30cm rare. 
       (9) Light brown, subangular gravels 2 cm to 5 cm in diameter in a matrix of 
            medium sand. 
   All the gravels are grandiolite in lithology and are completely decayed. Judged from 
   another section near this locality such coarse-grained deposits are 5 m thick at least. 
     Loc. 8 
      (1) Black soil. 
       (2) Brown subsoil with gravels 2 cm in diameter. 
       (3) Light black, coarse sand. 
      (4) Light black, coarse sand. 
       (5) Light brown, coarse sand with angular gravels 5 cm in maximum diameter. 
       (6) Black soil with charcoal chips. 
       (7) Alternation of brown to greyish brown clay and orange brown coarse sand, 
          each layer is 5 cm to 10cm in thickness. Decayed gravels 5 cm diameter are
          dotted in them. This horizon is 2 m thick at least.
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    Both fans are five-storied reconstructed ones as illustrated in Fig. 9. The 
classification and identification of geomorphological surfaces constituting these 
fans are based on the pedological, archaeological, and morphological charac-
teristics of surface conditions. Some parts are compound in structure, but in the 
distribution map of surfaces there is an absence of the modifying one (Locs. 2.8, 
Figs.  10.11). The characteristics of each surface are as follows. Kannonji 
Surface is a sole surface covered by volcanic ash layer in the Kawageta fan 
group. The surface is rather gentle in longitudinal profile than the lower 
surfaces and has red-coloured layers (Fig. 11). As the decayed gravels cannot have 
been transported without crushing, the gravel layers in Loc. 6 must have been 
completely decayed after deposition, and this leads to the possibility of red weather-
ing occurrence after the formation of Kannonji Surface. At some localities the 
materials underlying the surface are fine and laminated (Loc. 8, Fig. 11). At Loc. 
8, horizons the 1st to the 5th are creeped materials and only the 7th horizon is the 
original materials constituting Kannonji Surface. Although it is dangerous to guess 
from one exposure, the section may be a sign to show the stagnant condition 
during the deposition of Kannonji Surface materials. Shirozu Surface and 
Utsuno Surface have Kuroboku soil  layers, and have relics of Jomon culture on the 
surfaces (Loc. 5 and Loc. 7 are the typical areas to collect the fragments of 
ancient ceramics and stone implements). The form of these surfaces are very alike, 
however, different in the surface gradient and pedological features. Shirozu Surface 
is slightly steeper than Utsuno Surface and the former is underlain with several 
Kuroboku soil layers (Locs. 3.4, Fig. 12), while the latter only with one or two layers 
(Loc. 1, Fig. 12). In deepness in colour and in texture of each upper horizon of 
Kuroboku soils at Loc. 3, the lower three layers below the 8th differ from the 
upper layers, and the 12th layer contains pumice grains. The lower three layers 
are probably volcanogenous-Kuroboku soil by Y. Kato (1964). From the shape 
of pumice grains, the volcanic materials on which fossil Kuroboku soils are formed 
are secondary deposits. Koya Surface has no relics of Jomon culture on it and 
Kuroboku soil is faintly developed. The lowest one is growing at the present 
within artificial banks. Although it is not strict to use the term Surface, the 
author represents it as a growing surface. 
   Geomorphological surfaces of terrace form and materials are classified into 
five, namely Funaba terrace, Nishidate terrace,  Tenjinsha terrace and the flood 
plain. K. Tanabe (1960) concluded that lowering of the level of the Inawashiro 
Lake occurred three times, firstly 5 m, secondarily 5 m, and thirdly 2 m. Terrac-
ing of Funaba terrace by the present author corresponds to his first lowering of the 
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1) Black, light soil. 
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1) Black clayey soil. 
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3) Subangular gravels, 2 cm to 5 cm paricles are common  anc 
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   From the continuity it is confirmed that the formation of Utsuno Surface 
and Nishidate terrace is contemporaneous, and this identification is not contra-
dictory from the pedological and the archaeological data. Koya Surface is 
identified in the age of formation with Tenjinsha terrace from the relationships of 
each with the older and the younger (growing) surfaces. Shirozu Surface with a 
steeper gradient than Utsuno Surface submerges under Nishidate terrace. 
Kannonji Surface is correlated with Funaba terrace tephrochronologically. 
Granting that the reconstruction of fan of tributary is done keeping step with 
those of lacustrine terrace and river terrace of master stream, the reason must be 
clarified why Shirozu Surface has none of its corralative. It was a strong clue to 
solve the question to the author that Funaba terrace has only a veneer of deposits 
and Nishidate terrace is underlain with thick sediment. Hence the author paid 
attention to the form of lake floor. 
   S. Tanakadate reported in 1904 that the maximum depth of Lake Inawashiro 
is 102m, and in 1935 S. Yoshimura published the result of sounding of the lake, but 
the sounding by lead can not show detailed floor form. Echo-sounding made by 
the author revealed the characteristics of lake floor as is illustrated in Figs.  13.14. 
From this figure we know the terracing of lake floor, although the irregularities 
probably of tectonic origin are seen and we cannot know the terrace structure. It 
is said that the maximum depth of wave-cut platform is  10m below the low-water 
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Fig. 13 Echo-sounding Routes in Lake  Inawashiro,
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    Fig. 14 Topography of the Floor of Lake Inawashiro. See the routes in Fig. 13. 
level in the open-sea and that is 5 m in bay. Even the values are variable 
according to the regional or local conditions and it is a  fact that the level of 
Lake Inawashiro fluctuates as the water is used to generate electricity, beyond 
dispute, the flat surfaces below minus  10m from the lake level are ancient 
ones, irrespective of erosional or depositional. The lacustrine terrace formation 
along this lake has been considered to have occurred according to intermittent 
drops of lake level, however, the author thinks that in the history of this lake there 
were transgressive as well as regressive changes. Though the detailed conclusion is 
reserved, the author presumes that Shirozu Surface is continuous one of terraces of 
lake floor. 
   It is a suspended matter how was the influence of the movement along the 
Kawageta fault scarp on fan formation. Geomorphological and geological 
reconnaisance studies show the possibility of the fault to be active, but the 
significance, in comparison with the fluvial and the lacustrine processes, is not 
clarified. In other word, it is not concluded in detail whether the reconstruction 
of fans is attributable to faulting or discordant junction. 
   Radiocarbon dating of wood from lacustrine terrace deposits shows the age 
of sample to be before 30,000 yrs.  B.P. (GaK-177), but this result is useless in this 
paper, because the occurrence of the sample is not reported geologically and from 
the description geomorphological situation of the sample site can not be known. 
The  indication of site may be a misprint (Latitude and longitude of sample site
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indicate just the center of the lake). 
    It is an interesting problem whether the fan formation is concentrated in a 
certain period (or periods) or not. On this problem some case studies have been 
published, the opinions are various. Of course, various factors are related to fan 
formation and it may be in the same scope of erosion-and-accumulation problem in 
low gradient stream channels, on which there are also many different opinions. 
   From the data with which the author is concerned here, the followings are 
evidenced. Eroded  fans3) in the author's description were formed after the 
cryopediemtn formation and the time was around 15,000 yrs. B.P. in northeastern 
Hokkaido. In the two basins in Tohoku, the Kitakami and the Koriyama basins, 
the fan formation was during a transitional stage from cryopediment and fill-top 
terrace formation stage to the linear-erosion stage. 
   The Kawageta accumulated fan group, on the other hand, has been formed 
intermittenly, seemingly regardless of such a certain stage as in the case of eroded 
fan just described above. 
   The author's accumulation of data is too little to give a conclusion on this 
problem. The examples cited here, the formerly reported one (T. Wako 1961b), 
and others now under preparation to publish lead the author to presume that there 
is a close relationship between fan formations and the Quaternary climatic fluctu-
ations even in the lowland area of Tohoku, though the fan structure and the times 
of fan-building phases may be different according to the presence or absence of 
faulting and the sensibility of streams to the change of regional base level of 
erosion, hydrological conditions of streams, and to the  Ethology of drainage basin 
and others. 
§ Compound gentle slope formation and fossil valleys 
   The author found such an unusual flat surface of hill as was unexpected from 
the geomorphological position (1964c). The investigation of the underground 
structure of hill surface leads the author to believe that valley filling by subaerial 
processes is an important factor for compound gentle slope formation. 
   In this paper the author discusses on the problem based on the data from the 
vicinity of Sendai. 
   The landform in Sendai and its vicinity is roughly sketched in Fig. 15: the 
mountainous parts to the north of the Abukuma river are about 300 m above 
the sea level and are composed of andesite, and the mountains to the south of the 
Abukuma is 200m in maximum height and is composed chiefly of the Palaeozoic 
Wariyama Formation. The hills consist chiefly of Tertiary sedimentary rocks and 
on certain hill tops Pleistocene gravel beds are distributed, Without distinct




Fig.  15 Index Map for the Sites of 
     of Fossil Valleys near Sendai.
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annotation on historical meanings, the upland gravel beds are considered to be 
classified into two; the newer, Futatsuzawa gravel and the older, Motoisago gravel 
by H. Nakagawa et  al.  (1960). In the hill on which Locs.  5.6.7 of Fig. 15 are 
situated, a gravel bed exists and this is identified with the Futatsuzawa gravel 
(H. Nakagawa et al. 1960), however, the present author thinks it necessary to 
reexamine the identifications.4) The summit level of hill to the north of  Sendai on
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which Locs. 5,6 and 7 are situated is intermediate in height between gravel-covered 
upland and terrace part (Fig. 16). The hill is usually cut by V-shaped valleys with 
spoon-shaped valley heads, while at some sources there are saucer-shaped shallow 
valleys. Terraces were classified by R. Tayama (1936) and the relationships bet-
ween the terraces and ash shower deposits were clarified by H. Nakagawa et al. 
as shown in Fig. 16. The author (1965) gave a name of Jutokuji Surface to the 
 cryopediment-like slope surface which occupies somewhat broad area within 
hitherto-called Upper Sendai terrace and referred to the shallow valleys situated 
behind the surface. In the hilly area far north of Sendai, K. Kanno (1965) 
described the shallow valleys which cut red weathering crust. H. Hase (1965) 
reported on the underground geomorphology of coastal lowland. Ash shower 
deposits as a whole are thicker to the west, the southeast, and to the south of 
Sendai. 
   It is commonly observed in Japan that after ash showering former small
ca.  Z5 m
                ••• ••• •
4 "    
• L.,-
 hidden
 m    o  trirr 
 1 
     2  -   
 !(5) 3  -  '8" 
Fig. 17 Section at 
   End (below). 
 Explanation 
   (1) Medeshima 
        younger  vo. 
   (2) Clay layer  I 
 0.5  cm  in  d
   (3) Greyish ye] 
       and quartz
   (4) Brown clay 
       quartz  grai) 
  (5) Slighly  lam
   s,'
      6 r
 INH1 tui0.(1.TKiTiiiiccurciynniTirrmri
  •
                   - - 
4
        hidden
 Loc. 5 of
( 2
 Medeshima
1 s w il I.  1_01,111_171.1:V.I.,!Ii.:17.(3 
.... :::,,..,:)7,_  1,...:(_' ;:e:.;;":.:.--",.• ...,,, .,:.i! .'.'1; 
r r.. . c — --,-----, =-_-..,-...,.-,.•°:..- z7 :' .1 , , '' -i-A":-=.. :.^;..,,,' 
                     ,..1,.,,.•: y.-••-..:.1--:-.-.;"-__.„.:--7e..,4....,,,5...,::,..-,...,.; - .-----.:.57........^,-1,;,..% /r ,er..11. S. .----- ''' ''P • Ck " : ',.--,...4.P:04.i...*".                     'Z.:
,0,161,.......
Hill (above) and the Near-view of the Right
edeshima ash consisted of pumice  tuff below and volcanic ash above, and 
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)   iameter and quartz grains are abundant. 
reyish yellow brown, massive clayey silt rich in red gravies 0.5 cm in diameter 
 I  rtz grains. 
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 in ins 0.3 cm in maximum diameter. 
Slighly laminated, loose conglomerate  (Masuda gravel bed).
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valleys are  infilled with ashes and new valleys are formed along the former valley 
courses, but sometimes the courses are abandoned and new streams take their 
courses on former ridges. The section at Loc. 5 is such an example of shallow 
valleys seen on a periphery of a hill about 30m above lowland surface. Seening 
the details of the structure (Fig. 17), however, it must be noted that valley was 
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Fig. 19 Section at  Loc. 6 
   This section shows the polygenetic development of level  summit of hill. To the right 
   of slope covered with bush there is a  flat-bottomed valley 2 m to 3 m higher from 
   lowland surface. 
 Explanation 
 (1) Black surface soil a part of which is artificially disturbed. 
   (2) Loamy subsoil, partly containing gravels 1 cm to 3 cm in diameter. 
   (3) Brown massive loam rich in  quartz grains and dotted with gravels 2 cm to 3 cm in 
        diameter. 
   (4)  Pumice bed, the upper two thrid being yellow and the rest is grey in colour. 
   (5) Dark brownish grey, cracky clay with gravels. 
   (6) Gravel bed composed of 2 cm to 10 cm gravels. 
   (7) Grey, massive tuffaceous  siltstone.
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filled with not only ash shower deposits (the  Medeshima ash consisting of pumice 
layer at the lower and volcanic ash in the upper, as well as later ones) but also 
with fine materials mixed with gravels and breccia creeped prior to ash showerings. 
Such phenomena in former shallow valley are abundantly observed near the 
locality. In addition to such, deeply cut valleys perhaps connected some under-
ground valleys by H. Hase (1965) are infilled with creeped materials (Fig.  18)  , and 
more complex development of level summits of hills is seen (Fig. 19). 
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           rst and the second horizon may be solum developed on a younger volcanic ash 
 Lfter the valley  infilling ceased. 
 ation 
           Black surface soil. 
           Loamy subsoil. 
           Greyish brown, massive clayey silt. 
            Dark borwn clay with gravels  1 cm to 3 cm in diameter. 
           Greyish brown, massive clayey silt. 
 nd (7) Weathered volcanic ashes and pumice layers. 
         Red  clay. 
reve  bed in the lowest is Futatsuzawa gravel. 
 ition of the Medeshima ash. Near this section (Loc. 3) shallow 
 ri nt on after the complete removal of the Medeshima ash (Fig. 21). 
 )1and, valley-fill occurrence in  the intermediate age is also observable, 
 e localities the infilling materials are consisted chiefly of secondary 
 pu ice grains. 
 ne  xamples there are peat layers in their sections (Figs.  22.23). Loc. 1 
 1 level summit of hill 150m above the sea level. The result of 
 ilysis of peat by  Sadako Takeuchi by the request of the author shows 
;   was a swampy ground with growing willows on it surrounded by 
opes. Although more detailed collection and analysis of samples 
 he says, the result seems to show a warmer phase of past climate, 
 ring  Dainohara terrace formation or during the Holocene. Convex 
 tirface to the right of the section is underlain with red weathering
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Fig. 21  Section at Loc. 3. 
   This  section is located on the rather steep slope surroundii-4 
 Loc. 4 is situated. 
 Explanation 
   (1)  Black surface soil. 
   (2)  Loan subsoil with subangular gr vels 10cm in  maxim 
   (3)  Brown c/ay rich in quartz grians and with gravels 1 cm  t 
   (4) Grey tuffaceous clayey silt. 
   (5) Grey tuffaceous clayey silt having fissures infilled with 
   (6) Dirty organe brown, clayey silt with gravels 1 crn in  dial 
   (7)  Gravel bed composed of decayed sand and gra.vels 2 cm to 
 particles being red.
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 Fig. 22 Road-cut Section at Loc. 1. 
     The fossil valley is situated at the highest position of the present convex ridge. 
   Explanation 
     (1) Black surface soil. 
     (2) Light black subsoil. 
     (3) Grey, sandy clay layer with shale breccia. 
     (4) Brown, laminated sand layer. 
     (5) Grey, slightly laminated clay layer. 
     (6) Grey, sandy clay layer with shale breccia and pumice grains. 
     (7) Peat layer which transits into muck trowards the sides.
     (8) Coaly clay layer with breccia. 
     (9) Brown debris overlyingthe bedrock at the sides of the section and mixing with 
        the weathered bedrock at the middle. 
crust. The geomorphological position of Loc. 2 suggests that the formation of the 
shallow valley in this section is prior to the latest remarkable modification of hill 
sides which occurred during the last regression of sea. 
   Black materials containing fragments of Jomon culture fill a shallow valley, 
making the side slope of hill smooth (Fig. 24). In the central part of the valley 
(the left end of the figure) the moved materials sharply cut the bedrock.
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section is cut at  right angles with the inclination of a slope surface which extends 
 Jout 3 degrees towards alluvial lowland. 
 cation 
Light black surface soil. 
Dark brown, clayey subsoil with charcoal chips and quartz grains. 
Black, alternated clay and silt layers with quarty grains, tuffaceous-sandstone 
breccia. At the lowest part a subangular gravel of andesite 15 cm in diameter 
and dirty grey clay are. 
Weathered bedrock. 
Fragments of  Jomon cluture. 
he older fossil valleys infilled with the Koeji ash , the author has already 
(T. Wako 1964c). 
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 section,  longitudinally and cross-valley. But in every cases, the structure of 
 infilled valleys shows rather distinct separation between cutting stages of bedrock 
 surface and infilling stages by creeping materials . Texture and structure of the 
 materials are also various . 
    The question often arises whether saucer-shaped valley heads observable 
 on such present hill surfaces as situated to the north of Sendai are modern or not . 
The exmaples cited above leads to the hypothesis that some are modern and others 
relict. But the problem is left unsolved if the sites of shallow valley formation 
are restricted in certain geomorphological positions or not . Fossil valleys of 
Loc. 5 and Loc. 7 which are comtemporaneous and the modern hill surface form 
suggest that the  sources of the valleys is saucer-shaped , while the lower courses are 
V-shaped. But, all fossil shallow valleys cited here are not necessarily expected to 
exist in the source areas judged from the positions, even though the historical changes 
of the geomorphological positions is considered. Also, some of modern valleys in 
the hill to the north of Sendai have spoon-shaped heads . The problem is  complex; 
however, detailed geohydrological study can solve it . It is a key to know under 
what conditions the peat formation proceeded as suggested by S.  Hori (1961) who 
investigated the peat-forming processes in swamps on gentle slopes as well as on 
flat lands. The author thinks that when there is no visible , certain structural 
features such as seen at Aji island (T. Wako 1964), the detailed study of infilled 
materials, for example by means of soil micromorhology , may reveal the geohydrolo-
gical conditions in the past and the present. In such a course of study the 
significance of the Quaternary climactic change and accidents by ash  shower 
ing on vegetation and soils must be considered. Y. Kato's hypothesis (1965) of 
Kuroboku-soil forming phase during the Jomon age is suggestive on the ex-
ample of Loc. 8. 
   Apart from the discussion , such phenomena influential on landform evolution 
must be kept in mind in the study of drainage density , texture of  dissection.  W.M. 
Davis (1930) described the  singificance of soil creep in the mature stage of 
landscape development , but the effect is not limited in the stage. 
   At any rate, it is concluded that valley filling process have an important part 
of the compound slope formation. 
§ Red weathering and gentle slope formation 
   The author thinks that red weathering in Tohoku occurred twice at least . 
The older time is evidenced by red weathering crust covered with the Koeji ash 
(T. Wako 1964c), by the hillocks of the Kuji-Miyako district and of the middle 
course area of the Naruse (T. Wako 1964a). The sea level at that time was 100 m
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higher than of the present. The younger one occurred before the cryopediment 
formation. The lowest marine terrace that has red weathering crust is the 27 m 
terrace in Sendai bay area (T. Wako 1964b) and Kesennuma area to the south 
of Takada (T. Wako, unpublished). The weathering prior to about 25,000 yrs. B.P. 
and that on the 27 m terrace may be contemporaneous judged from its relation 
to cryopediment or rubble floored shallow valleys, although the concret evidences 
are absent. 
   The nature and the degree of weathering on fluvial or marine geomorphological 
surface, regardless whether it is erosional or depositional, suggest the geological 
time of release from water and the environments lasted after the release. On the 
hill, weathering itself is a morphogenic agency for subaerial process of hill formation. 
On the climatic conditions under which red weathering crusts are formed in Tohoku 
there is no coincidence among pedological, palaeontological, and geomorphologi-
cal estimations.  Nevertehless, the author thinks that red weathering must have 
occurred under certain climatic conditions even though the details are unknown 
and that, hypothetically speaking, red weathering must be taken into account for 
the formation of some gentle slopes of undulant wavy type. The opinion by A.F. 
Trendall (1962) on lateritization and surface wash is suggestive for the present 
author's hypothesis. 
   In addition to such a significance of red weathering it must be expected that 
red weathering offered the conditions to faciliate the development of block field, 
fan, cryopediment, and some of saucer-shaped valley. 
§ Synthesis 
   Now, the author tries to summarize the above-mentioned gentle slope forma-
tion in Tohoku from the chronological view-points. The materials are not so 
abundant to do  so  : chronologically more absolute ages of slopes must be known 
and the sea-level fluctuation shown in the structures of terraces correlative to gentle 
slopes must be clarified, and morphologically the bearings of tectonic movements 
as well as lithological, hydrological controls and other influential factors remain 
unsolved. It is needless to say that each study from the above two view-points 
must be mutually combined. Also it must be kept in mind that climatic changes 
bring about both the changes of morphogenesis and the fluctuation of the sea 
level, thouth it is a question whether the changes of the two keep pace one another 
even in coastal areas. The zonality or azonality of certain conditions is not examined. 
   Table 3 is complied from the author's data described here as a draft for the 
future gentle slope study. To make it the standard is set on the examples from 
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pedological data, and rough correspondency of the heights of marine terraces. 
   The author has been skeptical about the correlation of the Quaternary stages of 
Japan with the  world-wide standard as shown in Tables 1 and 2. Some authors 
have question on such a correlation, for example, archaeologist C. Serizawa (1965) has 
presumed that the age of the Shimosueyoshi formation is in the second interglacial 
from his study on the pre-cermaic culture in Kyushu. By the recent study in 
the Kanto district which is the type locality of the Shimosueyoshi formation, 
geologists S. Ijiri as well as T. Shinbori have proposed to reexmaine the corre-
lation based on the field evidences and suggested the possibility of the same con-
clusion as C. Serizawa (Newsletter of Quaternary Research Association of Japan, 
1965). As to the Musashino stage there are subtle differences of opinions among 
authors. 
   The present author (1964c) has insisted that the correlations of some deposits 
with the  Shimosueyoshi formation hitherto were not always based on solid reasons, 
and that it is not necessary to haste to correlate with the world-wide standard. 
The uppermost horizon of the Koriyama formation which has been regarded to be 
of the Shimosueyhoshi stage is dated 25,400±600 yrs. B.P. (T. Wako 1963b). 
Recently similiar result obtained from southwestern Tohoku, i.e. the deposits 
hitherto presumed to be of the Shimosueyoshi stage are dated as  31,200±1800 
yrs. B.P. or 33,600 ±  ,220000 yrs. B.P. (Niigata Prefecture Pollen Research Group 
1965), and the Research Group stressed the necessity to reexamine the "cor-
relatives" of the Shimosueyoshi formation. Granted that the Shimosueyoshi 
formation at the type locality of the Kanto district is truely of the  Riss-Wiirm 
interglacial age, the correlatives in the other districts in Japan must be reexamined. 
   In geomorphological and geological literatures the term "geomorphological 
surface" or simply "surface" is often used. Examples from the Japanese papers 
are quoted in Note 5). It is ture that we cannot help define the term vaguely 
in practice, but erroneous use must be avoided. The confusion with "accordant 
summit level" brought about through the Gilbert's law of equal declivites and 
equal spacing of valleys, also with "niveau surface" or "equipotential surface" are 
out of the question. The author thinks that some of the confusion occurred from 
the following two reasons. Firstly we are used to study on flat land surface, 
secondarily we are apt to explain a land surface monogenetically or without histori-
cal view-points. 
   Under the circumstances it is valuable to remember M. Minato's words (1953) 
"it is difficult to define the plane of unconformity based on its form. It must be 
defined from the genetical point of view. Keep in mind that the significance of the 
plane does not consist in such quantitative  fact as the duration of the time of
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erosion or quantity of removed materials but consists in the genetic  problem ." 
    As to the second problem , the author proposes to give modifiers such as 
 "modern
," "palaeo", "remnant", "fossil", "exhumed", "relict", "single", "com-
pound", "monogenetic", and "polygentic".  In tephra areas, H. Toya's terminology 
(1963) is useful in this sense, i.e. "present surface"=the present land surface, 
"original surface",----the basement for ash shower deposits. Also in  micro-
morphological study on landform we must take such concept as the distinction 
between the land surface and "ground surface" on which soil forming proceeds (B.E. 
Butler 1959). 
                              Notes 
 1) It is said that Jomon age ranges from about 9 ,000 yrs. B.P. to about 3,000 
yrs. B.P. M. Tsukada (1958) presumes that the postglacial age in Japan is 
classified into three, i.e. from the older to younger, (A) increasing warmth period 
(3°C lower than the present), (B) maximum warmth period (2° to 3°C higher 
than the present), and (C) decreasing warmth period . He prospects that the 
boundary between (A) and (B) is 8,000 to 7,000 yrs. B.P. and that between (B) 
and (C) is 4,000 to 3,000 yrs. B.P., and that periods (A) and (B) are roughly Jomon 
age and Holocene transgression period, period (C) Yayoi age and regression period . 
   2) The dates by radiocarbon measurement described in this paper are mainly
quated from the followings. 
Kigoshi, K., Y. Tomikura, and K. Endo (1962): Gakushuin natural radiocarbon 
    measurement I. Radiocarbon, Vol. 4, pp. 84-94 . 
Kigoshi, K. and K. Endo  (1963)  : Gakushuin natural radiocarbon measurement 
    II. Radiocarbon, Vol. 5, pp. 109-117. 
Kigoshi, K., Der-Hwang Lin, and K. Endo  (1964)  : Gakushuin natural radiocarbon 
   measurement III. Radiocarbon, Vol. 6, pp. 197-207. 
Kigoshi, K. and H. Kobayshi  (1965)  : Gakushuin natural radiocarbon measurement 
    IV.  Radicarbon, Vol. 7, pp. 10-23. 
   3) As to "eroded fan" and "accumulated fan" he follows Y. Tomita's 
terminology (1951). Eroded fan means that it has  only thin deposits , or veneer 
of alluvium, and its basement has shape of fan . Accumulated fan is rather 
aggradational one and the basement is not always fan-shaped in general. Hence 
eroded fan corresponds in its structure to starth terrace and accumulated fan 
to fill-top terrace by A.D. Howard (1961). 
   4) Apart from the problem whether the identification between two gravel 
beds is correct or incorrect, the correlation of the hilly area with Dainohara 
terrace (H. Nakagawa et al. 1960) is clearly incorrect. The area is a hill covered
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with the Medeshima ash and the later volcanic ashes. 
   5)  Examples on  flat surfaces 
 Definition: "Geomorphological surfaces are characteristic, mostly  flat, surfaces 
of depositional or erosional or of mutual processes". "Generally  flat surface are 
called so, terrace scarps and mountain-sides slopes are also geomorphological 
surfaces." 
 Classification: "Like the classifications of the geological formations are done 
by means of lithofacies as well as the age of deposition, geomorphological surfaces 
are classified based on either the morphology or the age of formation." 
 Age:  "We regard the time of the completion of the process of the geomorpho-
logical surface formation as the age of surface". "It is difficult to show the 
absolute age of the  geomorphological surface formation; we usually regard that the 
accuracy of the age of the formation is shown by the degree of distinctions of 
 landforms; practically, it is shown by the scale of geomorphological maps. This 
is of the same way of the geology, that is, in the division of sediments the more 
the stratigraphic unit of divide is larger, the more the age covers longer period as 
 layer—bed—member—formation—group." 
   Base level of  erosion  : "Generally, a certain geomorphological surface is regarded 
as having a close relationship with a regional base level of erosion of the period 
of its formation." 
   Exmaples on rolling surface 
 Definition: "Undulating surface with small relief is also a sort of 
geomorphological surface. When the surface shown by the  Gipfelflur did not 
originally exist, it must be expressed as small—reliefed, undulating erosion surface. 
On the other hand, when the original  flat surface existed, the  Gipfelflur is a 
geomorphological surface." "This geomorphological surface consists of  flat 
mountain tops and ridges as well as piedment gentle slopes." "The summit level 
in this book means the fiat surface which formed in the past and bring about the 
accordance of summit level of hill in the present." 
 Age: "For the development of an undulating surface a long duration of time 
is necessary; the age of such a surface means the time of finish of development." 
"The  Gipfelflur of this hill is not a surface of a definite formation period , the 
accordance of summit level must be considered based on another cause." 
   Base level of  erosion: "Generally, the geomorphological surface indicated 
by the accordant summit level is an undulating erosion surface formed con-
cerning the comtemporary stream level."
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